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INTRODUCTION. 


_ The basis of nearly all mixed fertilizers is water-soluble or so-called 
“available” phosphoric acid, which is produced by submitting bones, 
“a mineral phosphate (apatite or phosphorite), or some other phos- 
phate-bearing substance to a treatment by which the constitution of 
the original body is materially changed. ; 
Our supply of bones is entirely inadequate to meet the present 
“demands of the fertilizer industry, while apatite has proved objection- 
| able because of the difficulty and expense of mining the mineral and 
‘on account of the quantity of fluorine which it contains. By far the 
reater part of the phosphate fertilizer is derived from phosphorites 
r amorphous phosphate rock, of which there are enormous deposits 
n the United States. 
For many years the importance of the phosphate industry has been 
Towing steadily. At present the conditions in Europe incident to 
yar have temporarily curtailed the output of phosphate rock, in this 
untry as well as abroad, but on the termination of nhoguil hates the 
6819°—Bull. 312—15—1 
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production of fertilizers will undoubtedly continue its interrupted 
advance, and the phosphate industry will resume its former activity. 

The output of phosphate rock in this country, by States, is given in 
Table I, and the production, exports, imports, and consumption in 
the United States for the last 14 years are given in Table II. 


TasLeE I.—Production of phosphate rock in the United States.* 
[In tons of 2,240 pounds. ] 


1910 1911 1912 
Phosphate. 
Tons Value Tons Value Tons Value 
Monga Nard Tock= see-e- 2. --oe 392,088 | $2,940, 660 474,094 | $2,953, 606 536,379 | $3,218,274 
Florida land pebble.......---- 1,637,709 | 6,550,836 | 2,020,477 | 6,809,007 | 2,043,486 7,101, 186 
Toials Worndas ses e 2,029,797 | 9,491,496 | 2,494,571 | 9,762,613 | 2,579,865 | 10,319,460 
South Carolina land rock....-- 185, 000 786, 250 2 169,156 673, 156 2131, 490 524, 760 
South Carolina river rock..... 16, 347 57s314 ied. sseee Se Sec ek ee ee eee eee 
Total, South Carolina...| 201,347 843,564 | 2 169,156 673,156 | 2131,490 524, 760 
MeENTCSSCO see sae es cae . | 1, 586, 516 542, 761 1,918, 489 | 443, 065 1,710,000 
OihersStatesaes =. 90 ee 10, 095 40,380 310,505 39, 882 | 211,612 46, 450 
Total, United States....| 2,681,938 | 11,961, 956 | 3,216,993. | 12,394, 140 | 3,166,032 | 12,600,670 
1913 1914 
Phosphate. 
Tons Value Tons Value 
HOTA a WATGUOC Ke Pare eee a eee 485, 811 $3, 206, 343 2 309, 689 2 $1,912,197 
alondatand' mebbles 2 = as. sacs nee 2,043, 403 6, 334, 549 21, 829, 202 2 5, 442, 547 
otal wordnet soo es - ae ek ee e 2,529,214 9,540,802 | 22,138,891 27,354,744 
pout Carolmavland crock: 3s ee eee Se ee eee ee eee a eee 2106, 919 2 415,039 
South Carolina river Tock—...--- 252 espe soe | beiebeescuscss|sods con ccs lene tao ee 
‘Total South: Carolina =< ...22 222. -c52ccb = 2] eee eee | bee eee eeeees 2106, 919 2 415,039 
MRENTICSSCOS ae Nee soe ak mee ee eae epee 434,193 1,628, 224 2483, 203 21,822,770 
OLHErStales oreee ois ee ee ee aoe a een eee 499,600 4 398, 272 25,030 215, 488 
Total, Uinited* States: 2-5-0 aren | 3,063, 007 11, 567, 388 | 2 2, 734.043 2 9,608, 041 


1 Statistics collected by Mineral Industry, except as otherwise noted. 

2 Reported by the U. eee Survey. 

3 Idaho, Utah, and W yom 

4 Figures include produchiad et South Carolina and other States not separately mentioned, 


TaBLE I1.—Statistics of phosphates for the United States. 
[In tons of 2,240 pounds. ] 


, Produc- | Im- 9 Sonnet Produc- | Im- Consum 
SEE tion. | ports. |E*P°TtS.?| tion || 9 Y®8F- | tion. | ports.” | E*P8tS-7| “tion a 
pad Se eS en eee | eae eee ee eS 
| 

19012 =~ | 1,483,723, 180,714) 729,539) 934, 898/| 1908......-. 2,375,031] 26, 734! 1,196,175} 1, 205, 590 
ti See 1,600,813) 145,793) 802086] 944,250| 1909........ 2) 463,766] 11,903) 1,020, 556| 1,455,113 
10S oo os 1,581,576) 153,972) 785,259) 950,289)| 1910......-- 2,681, 938 19, 319) th 083, 037) 1,618, 
eee 1,874,428) 166,090) 842,484) 1, 198, O34) 1910. a2 3,216,993) 16, 153, L, 246, 577| 1, 980, 569 
POD 5 Se eon os 1,933,286) 82,072) 934,940 i 080, 418|; 1912.....-.. 3, 166, 032 28, 821) ‘h 206, 520} 1, 988, 333 
1 ODO Ss 2/222: 2,052,742} 46,228] 904,214 1 194; 756}} 1913.-< 22-4: 3,062,975) 26, 408, 1 338, 450 1, 724, 525 
Lh Ur Cae Su) 25, 896} 1,018, 212 1, 259, sa! 1 eee eee | 2; fat, 049) <2 oe | ” 964, 114| 1, 769, 929 


1 Production statistics of 1901 and subsequent years, except 1905 to 1913, are those of the U.S. Gealogiegy 
Survey and are based on marketed products. 
2 Neglecting the insignificant exports of foreign products. -~ 


|| 
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_ The various deposits of phosphate differ considerably in their 
geologic occurrence and age, as well as in their physical properties 
and chemical composition. 

The value of a phosphate deposit depends primarily on the grade 
of the rock, but the mode of occurrence, accessibility, and distance 
to markets are also factors of the utmost importance in determining 
its economic value. 

The location and character of the American phosphate deposits, 
their geological occurrence and origin, the methods of mining and 
extracting the rock, and the cost of production at the various phos- 
phate fields have been described in some detail in a number of papers,! 
but a brief description of the more important deposits is given here 
in order to compare their possibilities in the economic production of 
phosphoric acid and soluble phosphates. 


PHOSPHATE DEPOSITS OF THE UNITED STATES. 
FLORIDA HARD-ROCK PHOSPHATE. 
The Florida hard-rock regions lie toward the west coast of the 


Florida Peninsula and extend from Suwanee and Columbia Counties 
southward to Citrus and Hernando Counties—a distance of over 100 


miles. The mines are reached by both the Atlantic Coast Line Rail- 


road and the Seaboard Air Line Railway, or spurs from these roads. 
The rock is hauled to the seaports on both the east and west coasts 
and loaded for shipment abroad. 

_ The rock belongs to the Middle Tertiary period and occurs in irregu- 


- lar pockets embedded in a matrix of sand clay and soft phosphate, 


the whole usually resting on a limestone. In general the phosphate 


isa hard, close-grained, nodular, white or cream-colored rock contain- 
ing from 75 to 80 per cent tricalcium phosphate (bone phosphate of 


lime), less than 3 per cent of the combined oxides of iron and alu- 


_ minum, and small percentages of lime carbonate. The remainder of 
_ the penal is largely silica. 


Owing to the pockety nature of the deposits and to the fluctua- 


_ tions in the richness of the phosphatic matrix, the average cost of 
| mining hard-rock phosphate is quite high, but the excellent grade of 
_ the product is such that it has heretofore found a ready market in 
_ European countries. 


FLORIDA LAND-PEBBLE PHOSPHATE. 


The land-pebble phosphate area at present productive lies to the 


| south of the hard-rock regions in Polk and Hillsboro Counties. 


The mines are reached by the Atlantic Coast Line Railroad and 


| the Seaboard Air Line and the Charlotte Harbor & Northern Rail- 
ey, or spurs from them. 


-1 Bul. 69, 76, 81, Bureau of Soils, U. S. Dept. of Agr.; Bul. 18, U. S. Dept. of Agr. 
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Most of the rock is hauled to Tampa and Port Tampa and there | 


shipped by water to Europe or to the east coast of the United States. 


The rock belongs to a more recent period than the hard-rock phos-_ 


phate and is much more regular in its occurrence. As a whole the 


rock consists of medium-sized, light-gray pebbles somewhat softer 


than and not of as high grade as the hard-rock phosphates. Its con- 
tent of tricalcium phosphate runs from 68 to 75 per cent and it con- 
tains as a rule less than 4 per cent of iron and aluminum oxides. 

The hydraulic method of mining is practiced almost entirely in the 
pebble regions, and on account of the uniformity of the deposits and 
the ease with which the material can be handled the rock can be pro- 
duced very cheaply. Pebble phosphates are by far the most exten- 
sively mined of all the American deposits, and up to the year 1914 
the output from these fields steadily increased. The consumption 
of the product has heretofore been about equally divided between 
this country and Europe. 


TENNESSEE BROWN-ROCK PHOSPHATE. 


The brown-rock phosphate of Tennessee occurs in the central part 


of the State, extending in a general north and south direction from — 


the northern to the southern boundary line. The most important 
deposits so far exploited occar in Sumner, Davidson, Williamson, 
Hickman, Maury, Lewis, and Giles Counties. The deposits are 
reached by the Louisville & Nashville and the Middle Tennessee 
Railroads and the Nashville, Chattanooga & St. Louis Railway. 
The deposits in Davidson ad Sumner Counties have easy outlet to 
the Cumberland River. 

The brown rock is of Ordovician age and in general consists of beds 
of brown porous plates of varying thickness overlying the original or 
slightly altered phosphate limestone from which it is derived. Fre- 
quently the beds of brown rock are much disintegrated and require 
special machinery to separate the phosphate from the impurities with 
which it is mingled. The brown-rock phosphate, as separated by 
mechanical means, contains from 72 to 78 per cent tricalcium phosphate 
and from 3 to 5 per cent of iron and aluminum oxides. Practically 
all of the brown-rock phosphates is now consumed in this country. 


TENNESSEE BLUE-ROCK PHOSPHATE. 


The important deposits of blue-rock, or Devonian, phosphate in 
Tennessee lie along Leatherwood Creek, in the western part of Maury _ 


County, south and east of Centerville in Hickman County, on both 
sides of Swan Creek in Hickman County, and in the eastern part of 
Lewis County near Gordonsburg. The mines are reached by the 
Louisville & Nashville and the Middle Tennessee Railroads and the 


Nashville, Chattanooga & St. Louis Railway. The Duck River is _ 


| 
i 
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the only navigable stream convenient to the blue-rock fields, and 


this river has not been used for shipping the rock in recent years. 
The blue-rock phosphate, as its name implies, is a massive grayish- 
blue or black rock, composed of flattened ovules and the waterworn 
casts of phosphatic shells. It weathers on exposure to a rusty yellow. 

The beds vary from 1 foot to 4 feet in thickness and are overlain 
normally by massive blue-black shale. In some localities the blue 
rock directly overlies the brown phosphate, making the mining of the 
two types quite profitable. 

As a rule the blue rock is of lower grade than the brown, but its 
content of tricalcium phosphate varies all the way from 60 to 80 per 
cent, the average content being not far from 72 per cent. The oxides 
of iron and aluminum are as a rule less than 3 per cent. The cost of 
mining blue-rock phosphate is about $2.50 per ton. 


TENNESSEE WHITE-ROCK PHOSPHATE. 


The deposits of white-rock phosphates so far exploited lie in Perry 
and Decatur Counties, both east and west of the Tennessee River. 
Some of the deposits in Decatur County are not far from a branch of 
the Nashville, Chattanooga & St. Louis Railway at Parsons, Tenn., 
but the only ready means of transportation afforded the present mines 
in Perry County is the Tennessee River, which is from 4 to 6 miles 
distant. 

The white-rock phosphate is of secondary origin and is more recent 
than either the blue or brown phosphate. It resembles somewhat the 
hard-rock phosphate of Florida and some of it is fully as high grade. 
Picked samples contain as high as 85 to 90 per cent of tricalcium phos- 
phate, with only a small percentage of iron and aluminum oxides. In 
carload lots the rock will grade from 72 to 78 per cent tricalcium 
phosphate. 

Because of the irregularity of the deposits and the lack of adequate 
transportation facilities the white phosphates have been exploited 
only to avery limited extent. Itis doubtfulwhether these deposits will 
be extensively developed before the more accessible brown-rock and 
blue-rock fields have been depleted. No mining has been done in these 
regions in recent years, so that it is difficult to arrive at the actual 
cost of production. The average cost of producing white-rock phos- 
phate would probably be slightly more than that of mining blue-rock 
phosphate. 

SOUTH CAROLINA PHOSPHATE. 

The phosphate area of South Carolina lies along the coast in a belt 
which is in places fully 20 miles wide, extending from the Wando 
River in Charleston County to the proud River in Beaufort County. 
The rock is of Tertiary age and occurs as nodules and bowlders em- 
bedded in a matrix of sand and clay. The beds have an average 
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thickness of about 1 foot and are mined by means of grab buckets or 
clam-shell dippers. 

The rock as a whole consists of gray nodules of medium hardness, 
frequently much pitted and the holes filled with clay or calcareous 
mud, which must be removed by a washing process. 

The average grade of the marketed product is about 61 per cent 
tricalcium phosphate. The average cost of producing South Caro- 
lina phosphate is not far from $3.46 per ton, including interest, 
overhead, etc., and the rock, on board cars at the mines, brings about 
$4 per ton. 

Since the discovery of the higher grade and more cheaply mined 
phosphates in Florida and Tennessee, the exploitation of South 
Carolina rock has gradually fallen off. Most of the rock now mined 
is consumed locally for the manufacture of acid phosphate and 
double acid phosphate. The latter product, being very rich in 
soluble phosphates, will stand the cost of transportation. 


THE WESTERN PHOSPHATES. 


The western phosphate fields are located in southeastern Idaho, 
western Wyoming, northern Utah, and western Montana. The 
regions in which the phosphate has been mined or developed so far he 
in southeastern Idaho, near the little towns of Soda Springs, George- 
town, and Montpelier on the Oregon Short Line Railroad; along the 
western front of the Sublette Mountain Range, near Border Station 
on the Idaho-Wyoming border; at the south end of this same moun- 
tain range, about 14 miles from Cokeville, Wyo., which is also on the 
Oregon Short Line Railroad; and in the Beckwith Hills in southwest- 
ern Wyoming and in northern Utah along the western front of the 
Crawford Mountains, about 5 miles from Sage Station, Wyo. Practi- 
cally no development work has been done in Montana, but the 
phosphate has been recognized near Melrose, Mont., a town on the 
Oregon Short Line Railroad, and also at Garrison, Philipsburg, and 
Cardwell on the Northern Pacific Railway from 40 to 70 miles north 
of Melrose. 

The topography of much of the phosphate area is extremely rugged, 
but many of the beds of phosphate are readily accessible and within 
easy reach of the railroads mentioned or possible spurs from them. 

The western phosphates are original sedimentary deposits laid down 
when that portion of the earth’s surface was submerged in water. 
The rock is of Carboniferous age and occurs in beds from 2 to 6 feet 
thick, overlain by limestone and phosphatic shales. It ranges in 
color from light gray to jet black and in texture from a readily 
crushed, coarsely oolitic material to a hard massive rock difficult to 
crush. The rock varies in its phosphate content from 65 to 75 per 
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cent tricalcium phosphate, with only very small percentages of iron 
and aluminum oxides. The average cost of mining the western 
phosphate is from $1.50 to $2 a ton. 

Because of their great distance from the fertilizer market, the 
western deposits have been mined to a very small extent, but the 
tonnage of high-grade rock in this region far surpasses that of any 
other area yet discovered. 


THE PHOSPHATES OF ARKANSAS. 


The phosphates of Arkansas are not generally considered of great 
economic importance, for, though small bodies of high-grade rock 
have been found in several localities, the average phosphate content 
is far below that of the rock mined in Tennessee and Florida. 

Mining has been conducted to a considerable extent only in the 
northern part of the State, in Independence County, about 12 miles 
from Batesville, a town on the Missouri Pacific Railway. Here the 
phosphate rock is of Silurian age and occurs in two strata, one 
directly overlying the other. The upper stratum (from 34 to 6 
feet thick) is the only one considered worth mining, and averages 
about 55 per cent tricalcium phosphate, with 5 or 6 per cent of the 
combined oxides of iron and aluminum. No mining has been done 
in these fields for over a year, since it has been found more economical 
to supply the demand for phosphate from the richer deposits of 
Tennessee. 

The mining of Arkansas phosphate was conducted in a manner 
similar to the mining of Tennessee blue-rock phosphate, and the 
cost of extracting it was approximately the same. 


KENTUCKY PHOSPHATE. 


Several small deposits of high-grade phosphate rock have been 
found in the Ordovician lhmestone in Woodford, Scott, Fayette, and 
Jessamine Counties, Ky. 

The phosphate occurs in thin, close-grained plates, brownish gray 
in color, and resembles closely the brown-rock phosphate of Ten- 
nessee. In order to prepare a high-grade product, the material must 
be put through a washing process like that employed in the brown- 
rock fields. The cleaned product varies in its content of tricalcium 
phosphate from 60 to 75 per cent. 

A small amount of development work has been done and a small 
tonnage shipped from Midway, a little town on the Louisville & 
Nashville Railroad between Frankfort and Lexington, Ky. So far 
all the rock sold has been finely ground for direct application to the 
field. 
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FORMS IN WHICH PHOSPHORIC ACID IS APPLIED TO SOILS. 


There are at present three broad classes of phosphatic fertilizers 
on the market, namely, water-soluble phosphates, phosphates which 
are not soluble to any extent in water but dissolve in a solution of 
ammonium citrate, citric acid, or some other organic solvent, and 
finally, phosphates which are practically insoluble in the mediums 
mentioned, but are supposed to yield under proper conditions a 
phosphatic solution sufficiently strong to produce a marked effect on 
the crops thus fertilized. 

The form in which the first of these classes is usually applied is as 
monocalcium phosphate, better known as ‘‘acid phosphate” or 
“superphosphate,” which is produced by the action of a mineral 
acid (usually sulphuric) upon phosphate rock. Besides soluble 
calcium phosphate, however, there are other well-known soluble salts 
of phosphoric acid, though these are used to a very small extent as 
fertilizers. 

To the second class of phosphates belongs chiefly basic slag, a by- 
product of the steel industry. Finely ground steamed bone also 
yields part of its phosphate content to certain organic solutions. 

The third class of phosphates includes raw bones and finely ground 
raw phosphate rock, both of which are quite resistant to the solvent 
action of the mediums mentioned. 

By far the most extensively used of these three classes of phos- 
phates is the water-soluble class, but large tonnages of basic slag are 
annually consumed for agricultural purposes, particularly in European 
countries. Most of the acid phosphate produced contains a consider- 
able percentage of ‘‘reverted”’ (so-called) phosphoric acid, which is 
not soluble in water, but dissolves in ammonium citrate solution. 

Because of the undoubted agricultural availability of the phos- 
phoric acid of basic slag, bones, dicalcium phosphate, ete., it has 
become customary to regard phosphates which are soluble in certain 
organic mediums as having a fertilizer value nearly equal to that of 
water-soluble phosphate. Such phosphates therefore are known as 
available phosphates. 


PROCESSES FOR TREATING PHOSPHATE ROCK IN THE MANUFACTURE 
OF PHOSPHORIC ACID AND PHOSPHATIC FERTILIZERS. 


Numerous processes have been proposed and patented for the pro- 
duction of soluble or available phosphoric acid. The claims made 
for some of these processes are not justified, while many other 
processes are entirely impractical from a commercial standpoint. 
Much unnecessary labor has been expended in repeating experiments 
and in devising processes and apparatus already invented, when a 
thorough acquaintance with existing methods would have saved — 
both time and money. It is thought, therefore, that classified lists — 
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of the processes devised for the manufacture of phosphatic fertilizers 
arranged in chronological order, and giving short abstracts of the 
processes or apparatus employed, the treatment proposed, and the — 
results or new features claimed by the inventors, will aid materially 
those engaged in researches of this character. 

It is impossible in an article of this kind to give more than the 

briefest abstracts or mention of most of the numerous processes on 
this subject, but those are described more fully which appear to 
possess features particularly interesting from either a commercial or 
scientific standpoint. 

For convenience these various methods for treating phosphate rock 
may be classified as follows: 

(1) Acid treatment, which includes the manufacture of superphos- 
phate and phosphoric acid; (2) combined heating and acid treat- 
ment; (3) double decomposition by means of a silicate or an alkali; 
(4) processes used in connection with the steel industry; (5) processes 
in which the phosphorus or phosphoric acid is volatilized; (6) treat- 
ment dealing with the production of two or more fertilizer’ elements; 
(7) electrolysis; (8) enrichment or concentration of phosphates; (9) 
processes and apparatus for the mechanical treatment of phosphates; 
(10) miscellaneous processes. 


ACID TREATMENT. 


The production of water-soluble phosphates by the treatment of 
phosphate rock or bones with sulphuric acid is the oldest and most 
widely used process. Nitric acid ard hydrochloric acid have been 
tried in place of sulphuric, but the latter has proved itself the most 
satisfactory, because the calcium sulphate formed is not only a 
dehydrating agent, but is also only sparingly soluble in dilute solu- 
tions of phosphoric acid. 

In making superphosphate, ordinary chamber acid (50° B.) and 
ground phosphate rock are thoroughly mixed in equal proportions by 
weight and the mass allowed to cure for 24 to 36 hours. The equation 
showing the reactions in simplest form may be represented thus: 


Ca,(PO,).+2H.S0,+2H,0=CaH,(PO,).+2(CaSO,. 2H,O) . 


In this case the gypsum formed renders the material dry and. 
pulverulent, and in excellent mechanical condition for mixing with 
other ingredients in making a complete fertilizer. 

The richest superphosphate which can be made, however, by a 
single acid treatment of the highest grade phosphate mined in the 
United States (Florida hard rock) contains about 18 per cent of 
phosphoric acid (P,0;). The remaining 82 per cent consists of 
gypsum, siliceous material, and other impurities. It is obvious 
therefore, that it is poor economic policy to ship such material long 

6819°—Bull. 312—15——2 


10 BULLETIN 312, U. S. DEPARTMENT OF AGRICULTURE. 


distances. In order to produce a more concentrated phosphatic 
fertilizer, the following method is employed: 

The ground phosphate rock is mixed with dilute sulphuric acid, and 
the phosphoric acid thus produced is separated from the gypsum and 
impurities both by decantation and filtration. The acid is then con- 
centrated by evaporation and sold as such or used to treat another 
batch of phosphate rock in the production of double acid phosphate, 
which contains as high as 40 per cent of phosphoric acid (P,O,). The 
equations showing these reactions may be represented thus: 

Ca,(PO,)+3H,S0,+6H,0=2H,P0,+3(CaS0,.2H,0): 
4H, PO,+Ca,(PO,).=3CaH,(PO,)o. 


A list of the patents on this subject, arranged in chronological order, 
is given in Table III, Appendix. 

Several of the processes cited in Table III, if they accomplish what 
is claimed for them, should make it possible to produce soluble 
phosphate more cheaply than by the methods now generally used, or 
to produce a more concentrated fertilizer, which will admit of shipping 
it long distances. The following processes have features of interest 
from either a scientific or an economic standpoint. 

The process of Designolle ' consists in treating phosphate rock sus- 
pended in water with sulphur dioxide under pressure, producing 
thereby a solution of monocalcium phosphate and sulphite of lime— 
ee Ca,(PO,)2+280,+2H,0=CaH,(PO,).+2CaSO3. 

The suspended matter is allowed to settle in some suitable vessel 
and the solution is boiled with steam to drive off the excess of sulphur 
dioxide and to precipitate the calcium sulphite. The solution of 
monocalcium phosphate is then poured off, evaporated to a sirupy 
consistency, and treated with plaster of Paris to take up the excess 
of water. 

Bergmann ? claims that dicalcium phosphate free from calcium sul- 
phite is obtained by first mixing phosphate rock with sulphurous acid 
in the cold, then adding monocalcium phosphate to the solution, and 
finally boiling the solution to precipitate the dicalcium phosphate and 
drive off sulphur dioxide. 

In the process of Machalske,? phosphate rock is subjected to the 
action of sulphur dioxide in a small quantity of water. The resulting 
mass is leached with a dilute solution of sulphur dioxide to extract 
the soluble phosphates, and the residue, which is said to contain a 
large percentage of calcium sulphite, is calcined to recover the sulphur 
dioxide, which can be used again. 

1 United States Patent No. 196881 (1877). 


2 United States Patent No. 852371 (1907). 
3 United States Patent No. 902425 (1908). 
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Processes of this type, if practicable, would have an advantage over 
the one now generally employed in that they produce available phos- 
phoric acid from phosphate rock in a single operation, thus obviating 
the necessity of first manufacturing sulphuric acid. Experiments in 
the laboratories of the Bureau of Soils have shown, however, that 
phosphate rock is very resistant to the action of sulphurous acid or 
sulphur dioxide, and efforts to obtain complete decomposition of 
phosphate rock by such treatments were unsuccessful. Further work 
along these lines, however, seems desirable. 

The processes of Glaser ! have for their object the production of con- 
centrated phosphates by treating phosphate rock with sufficient dilute 
sulphuric acid to produce phosphoric acid and then using this phos- 
phoric acid as a solvent for more phosphate rock. 

They involve the well-known method of making double acid phos- 
phate, a method admirably suited for the treatment of low-grade 
phosphate rock containing but little iron and aluminum. ‘The equa- 
tions showing the reactions taking place in this process have already 
been shown on page 10. The product usually requires artificial 
drying, since it contains but little sulphate of lime. The patents of 
Glaser have now expired. 

In order to produce a dry pulverulent product, Memminger ? pro- 
poses to mix calcium fluoride or fluorite with phosphate rock and then 
treat the mixture with sulphuric acid. The generation of gaseous 
compounds of fluorine, he claims, renders the acid phosphate porous 
and thus facilitates the escape of moisture from the hot mass. 

While this procedure would no doubt produce a high-grade acid 
phosphate, the poisonous nature of the fumes evolved during the 
curing of the acid phosphate would make it objectionable to employ 
such a method either in the vicinity of towns or in a farming country. 
Moreover, it is questionable whether the extra quantity of acid 
required to act upon the fluorite would not offset the advantages 
gained. This patent expired in 1908. 

Hoyerman * devised a process to economize on the quantity of acid 
required to produce available phosphoric acid. His process consists 
in adding to phosphate rock a quantity of sulphuric acid sufficient 
only to convert it into dicalcium phosphate, a product which has 
practically the same trade value as monocalcium phosphate. 

Such a process, while theoretically possible, presents difficulties in 
actual practice. The quantity of ordinary sulphuric acid required is 
hardly sufficient to mix intimately with a large bulk of ground phos- 
phate, and, therefore, the resulting mass is apt to contain a con- 
siderable percentage of so-called unavailable phosphoric acid, owing 
to the fact that some of the phosphate rock has not been acted upon. 

1 United States Patents Nos. 389566 (1888), 417820 (1889), 459575 (1891). 


2 United States Patent No. 445567 (1891). 
3 United States Patent No. 736730 (1903). 
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The processes of Schlutius‘’ and Bretteville,? in which nitric acid 
is employed as a solvent instead of sulphuric acid, are of interest 
because calcium nitrate and soluble calcium phosphate are produced, 
both of which are fertilizer materials. 


Ca,(PO,)>+4HNO,=CaH,(PO,).+2Ca(NO,),- 


Such a mixture is sufficiently high grade to stand the expense of 
long shipment, but the well-known hygroscopic properties of calcium 
nitrate form a drawback to its use in fertilizers and would probably 
necessitate shipping the material in air-tight containers. 


PROCESSES FOR THE PRODUCTION OF PHOSPHORIC ACID OR SOLUBLE 
PHOSPHATES BY COMBINED HEATING AND ACID TREATMENT. 


In general, these processes are not very promising, since they 
involve both acid treatment and the expense of heating the product. 
A list of the patents under this head is given in Table IV, Appendix. 

The process of Scribner * appears to be of much interest. It con- 
sists in either roasting a mixture of phosphate rock and sulphur or 
passing sulphur dioxide over highly heated phosphate rock. In 
either case it is claimed that citrate-soluble phosphate results. 

This scheme is similar to two described under ‘‘Acid treatment.” 
If it accomplishes what is claimed, much unnecessary time and 
expense may be saved in the manufacture of available phosphates. 
From the experience in the Bureau of Soils laboratories, however, it 
would seem rather difficult to conduct this process so as to effect the 
complete conversion of the phosphoric acid into an available form. 

This patent expired in 1900. 


DOUBLE DECOMPOSITION BY MEANS OF AN ALKALI, AN ALKALI SALT, 
OR ALKALINE EARTH. 


All the processes under this head except four depend on heat to 
effect the conversion of insoluble phosphate into a water-soluble or 
citric-soluble form. In Table V, Appendix, a list of the -various 
patents on this subject is given. , 

The object of the processes described below is to obtain a neutral 
or alkaline product containing available phosphoric acid. Owing 
to the acid properties of superphosphate there exists among certain 
farmers considerable prejudice against its use. Fertilizers of the 
type described below have, as a rule, an alkaline reaction, and there- 
fore are popularly believed to counteract any acidity im the soul. 

In the process of Commins, phosphate rock is either heated to 
redness and then saturated with a solution of sodium chloride or 
first treated with the salt solution, heated, and then plunged into 
gas-house liquor. In the more recent process of Lowman,’ a mixture 

1 United States Patent No. 872757 (1907). 4 United States Patents Nos. 74799, 78061 (1868). 


2 United States Patent No. 1011909 (1911). 5 United States Patent, No. 922494 (1909). 
3 United States Patent No. 283426 (1883). 
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of phosphate rock, sodium chloride, dolomite, and fluorite is made 
into a paste with water and then baked for 12 hours at 700° F. The 
inventor claims that citrate-soluble phosphoric acid results, but states 
that he does not know what reactions take place. 

Considering the materials used, however, it is probable that a more 
basic phosphate containing both lime and sodium is formed on 
heating such a mixture. 

Day’s ! process consists in heating (with or without a potash salt) 
a natural or artificial mixture of phosphate rock, silica, and lime- 
stone to a temperature just above that at which carbon dioxide is 
driven off. He claims that the resulting product contains phosphoric 
acid soluble in a 5 per cent solution of citric acid. The length of 
time of heating required varies between rather wide limits, depend- 
ing on the materials used and the thoroughness with which they 
are mixed. 

Rocour,? Newberry and Barrett,? Meriwether,‘ and Landis*® have 
devised processes in which double decomposition is brought about 
by heating a mixture of phosphate rock and sodium sulphate, or 
phosphate rock, lime, and sodium sulphate. Probably the process 
under this head which has attracted the most attention is that of 
Newberry and Barrett. It is understood that the process as worked 
on a commercial scale differs somewhat from that described in the 
original patent, but the general plan consists in submitting an inti- 
mate mixture of phosphate rock and sodium sulphate to a constantly 
increasing temperature till a temperature of about 2,800° F. is 
reached. The clinker formed is then ground, sacked, and sold on 
the basis of the citrate-soluble phosphoric acid which it contains. 
It is also said that the final product contains a considerably higher 
percentage of phosphoric acid than the original mixture, owing 
to the volatilization of some of the products formed at the high 
temperatures. 

While the reagents required (sodium chloride, sodium sulphate, 
etc.) to convert phosphate rock into a citrate-soluble form in such 
processes are comparatively cheap, the expense of maintaining the 
necessary high temperatures for protracted periods adds considerably 
to the cost of production. It is claimed, however, that in some of 
these processes the cost of phosphoric acid per unit is less than it is 
in acid phosphate. 

In order to utilize low-grade phosphates unfit for acid treatment, 
Wiborgh,® Connor,’ Newberry,® and Galt ® have devised processes in 
which ground phosphate is mixed with an alkali hydroxide or car- 


1 United States Patent No. 542080 (1895). 6 United States Patent No. 601089 (1898). 

2 United States Patent No. 284674 (1883). 7 United States Patents Nos. 931846 (1909). 
3 United States Patent No. 1042588 (1912). 1042400, 1042401 (1912). 

4 United States Patent No. 1058249 (1913). ® United States Patent No. 978193 (1910). 


5 United States Patent No. 1094857 (1914). 9 United States Patent No. 1016989 (1912) 
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bonate and the mixture heated in a suitable furnace to a bright-red 
or yellow heat. Newberry also employs lime or limestone in his mix, 
and Galt uses ‘‘lime mud” (a mixture of calcium carbonate and 
sodium hydroxide), a by-product of the soda industry. 

While these processes have not been thoroughly tested in this 
laboratory a conversion of at least a portion of the phosphate into 
a citrate-soluble form can undoubtedly be effected by such treat- 
ments. The proportions of alkali, lime, and phosphate rock required 
are such that the resulting product contains a much higher percentage 
of phosphoric acid than ordinary acid phosphate. For the commer- 
cial success of such processes, however, it must be borne in mind 
that the cost of heating plus the price of the reagents used in the pro- 
duction of a unit of phosphoric acid must not exceed the cost of the 
sulphuric acid required to produce a unit of phosphoric acid in super- 
phosphates. Payne,’ in discussing calcination processes, places the 
cost of available phosphoric acid produced by such processes at 
about 24 cents per unit. 


PROCESSES TO BE USED IN CONNECTION WITH THE IRON AND STEEL 
INDUSTRIES. 


Processes under this head have to do chiefly with the production 
of tetracalcium phosphate or some other basic phosphate soluble in 
a 2 per cent solution of citric acid. Because of the high temperature 
required, these processes can hardly be employed economically 
except in connection with the smelting industry. A list of the 
patents dealing with the production of available phosphoric acid 
along these lines is given in Table VI, Appendix. 

In 1884 Thomas? devised a process for producing an alkaline 
phosphate from pig iron high in phosphorus. His plan consists in 
pouring the molten metal upon an alkali carbonate in a basic Besse- 
mer converter. The resulting slag contains, according to his claim, 
phosphates of soda which can be separated by lixiviating the mass 
with water. This patent expired in 1901. 

The processes of Reese * are also worthy of consideration. 

One of his processes consists in adding to the usual furnace charge 
a certain quantity of phosphate rock to enhance the value of the 
resulting slag. Another of his processes consists in dephosphatizing 
the iron or iron ore in two stages. In this way the first slag run-off 
contains a high percentage of available phosphate. In a third 
process phosphate rock and basic open-hearth slag are fused together, 
resulting in the production of available phosphoric acid. If this 
claim is borne out in actual practice it should be economically 

1 Available phosphates by furnace treatment. Amer. Fertilizer Handbook, pp. 62-64 (1914). 


2 United States Patent No. 301407 (1884). 
3 United States Patents Nos. 412792; 412793 (1889); 714331 (1902). 
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practicable to manufacture the product by mixing the phosphate 
rock with the molten slag as the latter flows from the furnace. The 
heat of the slag could thus be utilized. 

The fertilizer value of basic (phosphatic) slag is unquestioned, 
and it would be practicable to produce large quantities of this 
material by using phosphatic limestone to smelt siliceous iron ores, 
but it would be very difficult to overcome the prejudice against using 
a phosphorus-bearing substance in smelting operations when the 
chief aim is to eliminate phosphorus from the metal product. 


PROCESSES IN WHICH THE PHOSPHORUS OR PHOSPHORIC ACID IS 
VOLATILIZED. 


Processes under this head have been exciting considerable interest 
in recent years. They are all based on the method long in use for 
the manufacture of phosphorus and require a high temperature and 
a furnace which will resist both the temperature and the corrosive 
effect of the volatile products formed. The main advantage of the 
processes listed in Table VII is that comparatively pure concentrated 
phosphoric acid can be obtained from rather impure raw materials. 

The first recorded American process for obtaming phosphoric 
acid in this way is that of Giles and Shearer.’ Their process of 
separating phosphoric acid from its impurities consists in passing a 
current of steam over the acid heated to redness. The distillate 
condensed and collected in some suitable vessel consists of relatively 
pure phosphoric acid. 

In 1907 Landis? described a process for producing phosphoric 
acid and phosphorus from phosphate rock, which consists in mixing 
phosphate rock, sand, or a silicate and coke with some binding 
material, and molding the mixture into briquettes. The briquettes 
are subsequently placed in an electric furnace and heated. The 
inventor claims that by this method a more even distribution of the 
heat is obtained, excessive temperatures can be avoided, and less 
dust and impurities are carried over with the volatilized phosphoric 
acid. 

The methods of Levi,? Washburn,‘ and Haff ® are three of the more 
recent processes for the production of phosphoric acid by volatiliza- 
tion. Described in brief, they are as follows: 

Levi heats a mixture of phosphate rock and silica or silicate in an 
electric furnace, claiming that the following reaction takes place: 


Ca;(PO,).+3S810,=P,0;+3CaSi103. 
The phosphoric anhydride which is volatilized is then absorbed in 
water, producing phosphoric acid (H,PO,), and the fused calcium 
1 United States Patent No. 393428 (1888). 4 United States Patents Nos. 1047864 (1912); 1100639 (1914). 


2 United States Patent No. 859086 (1907). 5 United States Patent No. 1084856 (1914). 
_ 3 United States Patent No. 984769 (1912). 
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silicate which remains in the furnace may be converted into a soluble 


silicate by the addition of an anhydrous salt of potash or soda. 


Levi states that it is preferable to have a furnace of such a type 


that the reacting mass is not in contact with the carbon electrodes, 
so that the phosphoric acid formed will not be reduced to phosphorus. 

Washburn, on the other hand, states that he has carried on experi- 
ments like the above on a large scale and claims that unless a reducing 
agent, such as carbon, be added to the mixture of phosphate rock and 
silica, the volatilization of phosphoric acid is very incomplete. He 
heats a mixture of phosphate rock, silica, and carbon until the mass is 
entirely fused and the phosphorus driven off as such, and also in the 
form of oxide. He then exposes the gases to an oxidizing atmosphere 
and converts any phosphorus present to phosphoric anhydride and 
subsequently to phosphoric acid. He claims that under the proper 
conditions 90 per cent of the phosphoric acid present in the rock is 
volatilized. 

In a more recent patent, Haff describes a process very similar to the 
above, but states that pieces of broken carbon should be placed on the 
bath to form a conducting path of increased current density between 
the electrodes and thus allow of a higher temperature in the furnace- 


Another process of Haff’s, as well as a patent taken out jointly by - 


Wilson and Haff,? might be included in the subsequent table dealing 
with processes for the production of two or more fertilizer elements, 
but since they depend on the volatilization of phosphoric acid they 
are placed under this head. In these processes a mixture of phos- 
phate rock and feldspar is heated in an electric furnace to a tempera- 
ture at which both the phosphoric acid and the potash are driven off. 
The products are then condensed and collected in some suitable 
manner. 

It is generally conceded that cheap hydroelectric power is essential 
for the commercial success of any of these processes. At present the 
demand for hydroelectric energy is so great that in any of the locali- 
ties where it has been developed so far it brings a higher price than 
can possibly be paid for power in the economic production of phos- 
phatic fertilizers- The enormous energy that can be developed at 
certain sites, as, for instance, on the St. Lawrence and the Saguenay 
Rivers in Canada and on the Columbia River in Oregon, energy 
which, owing to the distance of the power sites from large industrial 
centers, can not be absorbed through the usual channels, may in 
the future cause a revolution in the fertilizer industry by making it 
feasible to produce concentrated phosphates from relatively. low- 
grade materials at considerably less cost than is possible by methods 
now in general use. 


1 United States Patent No. 1018186 (1912). 2 United States Patent No. 1103910 (1914). 
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PROCESSES DEALING WITH THE PRODUCTION OF TWO OR MORE 
FERTILIZER ELEMENTS. 


At first glance these methods appear particularly attractive from an 
economic standpoint, because two or more salable products are 
obtained by a single operation.. Two of the seemingly very promising 
processes, however, on being tested in the laboratory proved to be 
commercially impracticable. A complete list of the processes under 
this head is given in Table VIII, Appendix. 

The processes of Bickell' and Klett * deal with the production of 
soluble phosphoric acid and potash from phosphate rock and feldspar. 

Bickell’s process consists in heating in a reverberatory furnace to 
a light redness for two hours an intimate mixture of 1 part feldspar, 
0.5 part phosphate rock, and 3 or 4 parts of lime. It is claimed that 
both phosphoric acid and potash in available forms are obtained by 
this treatment. 

On testing this process in the laboratory it was found that Bickell’s 
claim was not substantiated, for over 44 per cent of the potash 
present in the mixture was volatilized upon ignition, and of that 
which remained in the residue only 9 per cent was water-soluble. 
While none of the phosphoric acid was volatilized, less than 39 per 
cent of it was soluble in a 2 per cent solution of citric acid. 

Klett’s process is similar to that of Bickell and consists in heating 
to redness for five hours an intimate mixture of 2 parts carbonate of 
lime, 1 part phosphate rock, and adding for each part of potash (K,O) 
in the feldspar 2 parts of calcium fluoride. It is claimed that a 
soluble silicate of lime and potassium phosphate are thus obtained. 

In view of the fact that the percentage of potash in the mixture is 
relatively small and that the time of heating is very long, it is hardly 
likely that the value of the product would cover the cost of manufac- 
ture. Moreover, the claim that phosphate of potash is formed in the 
operation is not justified. 

The process, however, was tried out on a laboratory scale and results 
obtained similar to those found in repeating Bickell’s method. 
Nearly all of the potash was volatilized, while less than one-half of 
the phosphoric acid present in the residue was citric-soluble. 

Both the patents of Bickell and Klett have long ago expired. 

The processes of McDougall,? Terne,t Washburn,® and Wilson and 
Haff ® all deal with the neutralization of the acid in superphosphate 
by means of ammonia, producing thereby a mixture of gypsum, 
ammonium sulphate, and calcium ammonium phosphate. These 

1 United States Patent No. 16111 (1856). 
2 United States Patent No. 49891 (1865). 
3 United States Patent No. 135995 (1873). 
4 United States Patent No. 709185 (1902). 


5 United States Patent No. 1100638 (1914). 
6 United States Patents Nos. 1062869 (1913); 1112183 (1914); 1122183 (1914). 
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processes correct the acidity of the superphosphate which some 
farmers consider so objectionable, and at the same time enhance the 
value of the product. 

The process of Collett + consists in dissolving phosphate rock in 
dilute nitric acid, and then adding ammonium sulphate to the solu- 
tion, with the result that lime is precipitated as sulphate, and ammo- 
nium phosphate and ammonium nitrate remain in solution. After 
separating the gypsum, the ammonium salts may be crystallized out by 
concentration of the solution. The reactions may be represented 
thus: 

(1) Ca,(PO,).+4HNO,—CaH,(PO,),+2Ca(NO,)>. 

(2) CaH,(PO,).+2Ca(NO;).+3(NH,),S0,—3CaSO,+4NH,NO,+2NH,H,PO,. 

This last process is particularly interesting from a commercial 
standpoint, since it has for its object the production of a high-grade 
fertilizer containing both phosphoric acid and nitrogen in readily 
available forms. Where phosphate rock occurs in regions far from the 
fertilizer markets, the production of a highly concentrated product 
which will admit of long shipment is essential! to the successful develop- 
ment of the mining part of the phosphate industry. 

The evaporation of the solutions, however, to the point where the 
ammonium salts begin to crystallize out would entail considerable 
expense. 


PROCESSES DEALING WITH THE PRODUCTION OF AVAILABLE 
PHOSPHATES BY ELECTROLYSIS. 


Processes under this head are of two types: (1) Those in which the 
phosphate rock is fused and the electric current passed through the 
melt; and (2) those in which some water-soluble salt or acid is used 
as an electrolyte and the ground phosphate rock suspended or dis- 
solved in the solution and the electrolysis performed in the wet way. 
A list of the patents on this subject is given in Table IX, Appendix. 

The process of Palmaer and Wiborgh ? for the production of dical- 
cium phosphate is said to have been successfully practiced in Norway 
where cheap water power is available. The process is as follows: 

Perchloric acid and sodium hydrate are produced by electrolizing a 
solution of sodium perchlorate in a diaphragm cell. Phosphate rock 
is then treated with the anode solution (perchloric acid) and the 
resulting solution of phosphate filtered. One half of the cathode 
solution (sodium hydrate) is then added to this filtrate, resulting in 
the precipitation of dicalctum phosphate and the formation of sodium 
perchlorate again. The other half of the cathode solution is treated 
with carbon dioxide and added to the solution decanted from the 
dicalcium phosphate precipitate, thus precipitating the lime as carbon- 
ate and completely regenerating sodium perchlorate. 


1 United States Patent No. 1058145 (1913). 2 United States Patents Nos. 707886 (1902); 748523 (1903). 


PHOSPHATE ROCK: UTILIZATION AS FERTILIZER. 19 


The reactions taking place at various stages of the process may be 
represented thus: 

(1) NaClO,+H,O+ Electric current=HC1O,+ NaOH. 

(2) 6 HC1O,--Ca,(PO,),=2H;P0,+3Ca(C10,)>. 

(3) 2H,PO,+3Ca(C10,).+4NaOH=2CaHPO,+ 4NaClO,+Ca(Cl0,),+4H,0. 

(4) 4NaCl0,+-Ca(C10,).+Na,CO,—6NaClO,+CaCO,. 

This process was designed to treat low-grade phosphates which are 
not suitable for the manufacture of acid phosphate. Cheap electric 
power is essential for the commercial success of the process. 


PROCESSES FOR THE ENRICHMENT OF PHOSPHATES. 


The list of patents given in Table X, Appendix, includes processes 
for the enrichment of raw or natural phosphates, as well as those 
which have been chemically treated. 

While the writers have placed but five processes under this head, 
a number of patents classified under other heads could have been 
included here as well. , 

The processes of both Ottolengin ' and Coates ? have for their object 
the enrichment of phosphate rock or phosphatic limestone. 

Ottolengin advocates the grinding of the phesphate and then effect- 
ing the separation of the phosphate particles from the impurities by 
the difference in their specific gravities, such a separation being 
made either by a blast of air or by suspending the material in 
moving water. 

- Unfortunately, in many of the natural deposits of phosphate, the 
impurities contained therein have a specific gravity so nearly equal 
to that of the phosphate rock that a separation on the above basis is 
usually very incomplete. In the case of the brown-rock phosphate 
of Tennessee, however, such a scheme is practiced with great success. 

By burning, slaking, and subsequently screening phosphatic lime- 
stone Coates effects a segregation of the coarser and more phos- 
phatic particles. This process, however, is intended primarily to 
produce a finely divided sterile phosphatic material for subsequent 
treatment. 

Pratt’s* process for the enrichment of acid phosphate consists, 
first, in adding sufficient lime to the superphosphate to convert the 
monocalcium phosphate to dicalcium phosphate, then leaching out 
the gypsum contained therein with some suitable solvent. The sol- 
vent recommended by Pratt is sea water. 

1 United States patent No. 86574 (1869). 


2 United States Patent No. 971830 (1910). 
2 United States Patents Nos. 1014254, 1014255 (1912). 
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MECHANICAL TREATMENT OF PHOSPHATES. 


The patents listed in Table XI, Appendix, deal with the mechan- 
ical treatment of either raw phosphates or the chemically treated 
product. The first seven processes are primarily intended for the 
treatment of bones or phosphates to be used in the manufacture of 
baking powder. The other processes listed hardly require any more 
detailed descriptions than those given in the tables. AI the patents 
covering these processes have long since expired, and they can there- 
fore be used without payment of royalties. 


MISCELLANEOUS PROCESSES FOR THE PRODUCTION OF AVAILABLE 
PHOSPHATES. 


Under the head of miscellaneous are included all the processes 
which can not very well be separately listed. Many of these processes 
are on their face practically valueless, while others have features 
which make it appear they might be successfully employed in the 
production of fertilizers of some value. A list of the patents under 
this head is given in Table XII, Appendix. 

The process in the above table which has probably attracted the 
most attention is that of Coates,t in which the inventor claims to 
produce available phosphoric acid and potash from minerals con- 
taining these elements by the action of bacteria, which attack and 


break down the rocks. His process consists in first obtaining a culture _ 


by adding breaking-down or decaying rock to a sterilized culture 
medium. He then inoculates sterilized phosphate rock or feldspar 
with the culture thus prepared, with the result that the bacteria 
attack the rock minerals, rendermg the phosphoric acid and potash 
contained therein soluble in the soil solution. 

It is understood that field experiments are being conducted to test 
the fertilizer value of rock treated in this way, but the results of 
these experiments have not yet been reported. 


1 United States Patent No. 947795 (1910). 
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